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Vernonia amygdalina (VA) is an edible plant of the Asteraceae

family used in many herbal formulations prescribed by herbal-

ists for many diseases. We have previously reported that

aqueous VA extracts inhibit the growth of estrogen receptor-

positive human breast cancerous cells in vitro. Activity markers

of the VA extracts have not been previously identified or

characterized. Hence, the objective of this study was to identify

activity markers of the VA extracts associated with cell growth

inhibition. Extraction of VA with multiple solvents of various

polarity indexes yielded three fractions (A-1–2, B-1–3) that

significantly inhibited cell growth (P < 0.05) at 0.1 mg/ml

concentration. At a higher concentration of 1 mg/ml, six

fractions of hexane, chloroform, butanol, and ethyl acetate (A-

1–3, B-1–4) inhibited DNA synthesis by 76%, 98%, 94%, 98%,

98%, and 96%, respectively. These fractions were UV-detected

from 250–730 nm; and all showed three distinct peaks around

410, 431, and 664 nm. Furthermore, HPLC analysis of the

fractions revealed similar retention times of 2.213, 2.167, and

2.151 min, respectively. Bioactivity assays showed that HPLC

retention of approximately 2 min is required for cell growth-

inhibitory activity of VA fractions. Interestingly, all active

fractions exhibited HPLC peaks at approximately 2 min. There-

fore, the UV and HPLC peaks may be used as predictive tools to

determine VA extracts activities. Exp Biol Med 234:410–417, 2009

Key words: anti-cancer; Vernonia amygdalina; activity prediction;

standardization

Introduction

Vernonia amygdalina (VA), commonly known as bitter

leaf, is a shrub that grows up to 3 meters high. It grows in

African tropics and other parts of Africa, particularly South

Africa, Zimbabwe, and Nigeria (1–3). Vernonia amygdalina
may be effective against amoebic dysentery (4); gastro-

intestinal disorders (5–9); microbial and parasitic activities

(10–11); hepatotoxicities (12); and cancer (13–18). It is very

unlikely that a single molecule is responsible for such varied

activities; instead multiple molecules, working alone or in

concert with others, are much more likely to be responsible

for each biological activity. The biologically active com-

pounds of VA are saponins and alkaloids (19); terpenes,

steroids, coumarines, flavonoids, phenolic acids, lignans,

xanthones and anthraquinones (20); edotides (15); tannis

(21); and sesquiterpene lactone (13–14). These compounds

isolated from VA extracts, using various solvents of

different polarity indexes, have been attributed to specific

biological activities. For example, the antiplasmodial (anti-

malarial activity) of VA extracts may be related to the

presence of flavonoids, saponins, and alkaloids (19). Some

studies have associated coumarines and flavonoids in most

plants with antitumor activities in humans (22–24). Other

cancer-fighting agents in VA extracts may include sesqui-

terpene lactones (SLs) (13–14) and edotides (15).

The quantities, and qualities or activities of these

compounds may vary with location, seasonal and propaga-
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tion conditions, age at harvest, and storage conditions, etc.

Therefore, achieving consistency in botanical quality

presents a daunting task for the botanical production

industry. Several advanced techniques are available for

qualitative analysis of complex mixtures. Typically, analysis

of natural compounds has relied on a protocol involving:

sample scale-up, extraction, solvent partitioning, column

fractionation, profiling with an ultra violet (UV) detector,

and individual component spectroscopy using nuclear

magnetic resonance (NMR). The combination of HPLC

and thin layer chromatography (TLC) provides additional

capabilities for mixture analysis for quality assurance and

standardization of VA extracts. We have previously shown

that low concentrations (lg/ml) of whole aqueous extracts

of VA potently retard the growth of human estrogen

receptor-positive (ERþ) cell line (MCF-7) in vitro in a

concentration-dependent manner by modulating the extrac-

ellular signal-regulated kinases 1 and 2 (ERK1/2) activities

on MCF-7 cells (17), cytochrome P450 enzymes (16), and

membrane disruption (18). However, our efforts to purify or

isolate the active component(s) of VA have not consistently

and substantially improved the concentration required for

50% inhibition of activity (IC50), thus suggesting the

presence of multiple active components. The objectives of

the present studies are to use solvent extraction, spectro-

photometric and chromatographic techniques to fractionate

and identify anti-cancer activity markers in VA extracts. The

anti-cancer activity markers may be used as predictive tools

for VA quality determination.

Materials and Methods

Human breast cancerous cell line (MCF-7) was

purchased from ATCC. RPMI 1640 Medium, Fetal Bovine

Serum (FBS), and Phosphate Buffered Saline (PBS) were

purchased from Gibco BRL (Grand Island, NY). [3H]-

thymidine (1 mCi/ml) was purchased from MP Biochem-

icals (Solon, OH). Methanol (AR grade) and other

chemicals were obtained from Sigma Chemicals Company

(St. Louis, MO, USA).

Sample Collection and Preparation of Aqueous
Extracts. Pesticide-free fresh VA leaves were collected in

Benin City, Nigeria. The leaves were rinsed with distilled

water and spread out evenly on galvanized-wire screens

with the edges bent upward 2 inches on all sides. The

galvanized-wire screens were placed in a specially con-

structed dryer and heated to 130–1408F for complete

dryness within 4 h. Three hundred (300) g of dried leaves

was soaked in 6 L of ddH2O (1:20 w/w) overnight at 408C

before squeezing by hand to a mixture. The mixture was

then filtered through clean white gauze to remove the

particulate matter before filtration through a 0.45-lm

filtration unit for sterilization. The resulting sample solution

was lyophilized to dry powder (30 g) on a SpeedVac

Concentrator (Savant SC210A), transferred into a 50 ml

centrifugation tube and stored at �208C for bioactivity

assays, and HPLC, TLC, NMR, UV, and IR spectroscopic

analyses.

Liquid-Liquid Extraction. One hundred (100) g of

dried VA leaves was pulverized and extracted on a soxhlet’s

apparatus for 8–18 h using 85% ethanol. The eluted

condensate was divided into two fractions (A, B). Fraction

Figure 1. Flow diagram showing the stages in the organic extraction
and separation of fractions A-1, A-2, and A-3 using various solvents.

Figure 2. Flow diagram showing stages in the organic extraction and elution of fractions B-1, B-2, B-3, B-4, and B-5 from VA condensate using
silica gel. Bioactivity-guided assays reveal that fractions B-2 and B-3 are most potent.
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A was further separated by liquid-liquid extraction tech-

nique using equal volumes of hexane, chloroform, and

butanol. The separation yielded three fractions: A-1, A-2,

and A-3 (Fig. 1). Each of the eluted sample solutions was

separately concentrated in a Rotavapor at 658C and

lyophilized to dry powder on a SpeedVac Concentrator

(Savant SC210A). The dry powders were weighed and

stored in 15 ml centrifuge tubes at �208C for further

chemical evaluation, and DNA synthesis determination in

MCF-7 breast cancerous cells. Fraction B was separated by

silica gel technique. In the silica gel method, the condensate

of 85% ethanol-extracted VA was dissolved in ethyl acetate,

and silica was added and mixed. The solvent (ethyl acetate)

was then volatilized and the resultant silica gel sample was

separated on a Buchner Funnel with filtration flushes of

hexane, chloroform, ethyl acetate, butanol, and methanol.

The resultant solvent elution of hexane, chloroform, ethyl

acetate, butanol, and methanol yielded fractions B-1, B-2,

B-3, B-4, and B-5, respectively, as shown (Fig. 2). The

fractions (B-1–5) solutions were then separately concen-

trated in a Rotavapor at 658C and lyophilized to dry powder

on a SpeedVac Concentrator (Savant SC210A).

Column Chromatography. This process was per-

formed on silica gel 60 and Sephadex LH-20 (Sigma, 25–

100 lm). The stationary phase consisted of silica gel, while

the mobile phase was organic solvent poured on top of the

loaded column. The organic solvents were forced out of the

column by application of air-pressure, causing the compo-

nents of sample mixture to distribute between the silica gel

and the solvents, thus separating the components of the

mixture so that as the solvents flowed out of the column,

some components eluted with early collections and others

eluted with late fractions.

High Pressure Liquid Chromatography
(HPLC). HPLC is a technique used to separate components

of a mixture by using a variety of chemical interactions

between the substance being analyzed and the chromatog-

raphy column. The sample was injected through a column of

the stationary phase by pumping a mobile phase (10%

methanol) at high pressure through the column. The

extracted VA sample was injected into the stream of mobile

phase and retarded by chemical or physical interactions with

stationary phase (90% deionized water). The time at which a

specific analyte eluted (retention time) was considered an

identifying characteristic of the eluent. Sample analyses for

extracts were carried on an Agilent 1100 HPLC System

(Agilent Technologies, Palo Alto, CA).

Cell Proliferation Studies. The cells were seeded at

3 3 105 cells/100 mm plate and propagated to 60–65%

confluence; the 100 mm plates were randomly selected for

treatment with various concentrations (0.001–1 mg/ml) of

the VA extracts with appropriate controls. The medium was

aspirated from the cell monolayer and the cells were washed

with PBS pH 7.4 to render the cells more sensitive to trypsin

digestion. The resulting cell monolayer was treated with 1

ml trypsin and incubated for at least 3 min at 378C. The cells

were viewed under the microscope to ensure complete cell

detachment. The trypsin action was stopped by resuspend-

ing the cells in RPMI 1640 medium before counting with a

hemacytometer.

DNA Synthesis Assays. DNA synthesis was de-

termined by the incorporation of [3H]-thymidine into

cellular nucleic acids. The cells were grown to about 60%

confluence in tissue culture plate (35 mm diameter wells)

with RPMI 1640 medium supplemented with 1% antibiotic-

antimycotic solution containing 10,000 U/ml penicillin,

10,000 lg/ml streptomycin and 25 lg/ml amphotericin B

(fungizone), and 10% Fetal Bovine Serum. Stock solution

(100 mg/ml) was prepared by dissolving 10 mg of fractions

(A-1–3, B-1–5) of VA powder into 0.1 ml of 85% ethanol,

and the cells were treated with either 0.1 or 1 mg/ml final

concentrations of fractions A-1–3, B-1–5. Untreated cells

served as negative controls while vehicle-treated cells

served as positive controls. The cells were then incubated

for 18 h in a 378C humidified 5% CO2 incubator before the

addition of 1 lCi/ml of [3H]thymidine per 35 mm well,

followed by an additional 6 h. The incubation was stopped

by medium aspiration, then followed by three sequential

washes with cold PBS pH 7.4. Two (2 ml/35 mm) of ice

cold 10% Trichloroacetic acid (TCA) was added and the

cells were incubated for 10 min at 48C. TCA solution was

aspirated and the cells washed three times with ice-cold

distilled water, then solubilized with 1 ml of 0.5 M NaOH

solution at 378C for 30 min. Upon solubilization, 1 ml per

well aliquot samples was transferred to scintillation vials

into which 5 ml of scintillation cocktail was added. DNA

synthesis in treated and control cells was quantified by a

Liquid Scintillation Analyzer (Try-Carb 2700TR).

Statistical Analysis. Results are expressed as the

mean 6 SD of values obtained from experiments conducted

in triplicate. Data collected were analyzed using Analysis of

Variance (ANOVA) with the General Linear Model (GLM)

procedure of SAS version 9.1 (25). The testing hypothesis

will be H1 ¼ differences are expected between means. P
value , 0.5; if differences exist, the means were compared

by Student’s t test.

Results

Multiple-Solvent Fractions of V. amygdalina
Extracts Inhibited DNA Synthesis. The exposure of

MCF-7 cells to two concentrations (0.1 and 1 mg/ml) of

multiple-solvent fractions (butanol, chloroform, ethyl ace-

tate, hexane, and methanol) of VA inhibited DNA synthesis

in both concentration and solvent-dependent fashion.

Hexane, chloroform, and ethyl acetate extracted fractions

(A-1, A-2, and B-3) at 0.1 mg/ml inhibited DNA synthesis

by approximately 30% (P , 0.05). One milligram/ml (1 mg/

ml) of fractions of hexane, chloroform, butanol, and ethyl

acetate (A-1–3, B-2, B-3, and B-4) inhibited DNA synthesis

by 76%, 98%, 94%, 98%, 98%, and 96%, (P , 0.001),

respectively, as shown in Figure 3. Next, we performed UV
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and HPLC analyses to better characterize the active

component(s) of the VA fractions.

The UV Spectra of Multiple-Solvent Fractions of

V. amygdalina Extracts. Fractions A-2, B-2, and B-3 of

VA extracts were UV-detected from 250–730 nm on a

Varian UV-Visible spectrophotometer (CARY 300 BIO)

using 1 ml quartz cuvette. To examine the effect of solvents

on the spectrophotometric peaks, various solvents were

used, out of which ethyl acetate was found to be the most

appropriate in the spectroscopic analysis. Therefore, ethyl

acetate was used as a reference solvent for fractions B-2 and

B-3, and acetone was used for fraction A-2. The UV results

(Fig. 4A, 4B, and 4C) for all the fractions (A-2, acetone; B-

2, EtOH; and B-3, EtoAc) show three distinct high

absorbance peaks around 410, 431, and 664 nm. Fraction

A-2 shows absorbencies of 0.8, 0.45, and 0.25, respectively

(Fig. 4A), and 2.25, 1.40, and 0.80, respectively, for fraction

B-2 (Fig. 4B). Fraction B-3 shows peaks at absorbencies of

1.295 and 0.476, respectively (Fig. 4C). We observed that

these peaks (410, 431, and 664 nm) were associated with

activities.

HPLC chromatograms of these three fractions (A-2, B-

2-B-3) of VA extracts revealed retention times of 2.213,

2.187, and 2.151 min, respectively, at 664 nm; and 2.210,

2.185, and 2.150 min, respectively, at 431 nm (Fig. 5).

Sample fractions were run at a flow rate of 0.6 ml/min with

a solvent system of 90% water and 10% methanol for 40

min. To achieve this, a volume of 150 ll of filtered solutions

of each sample was injected into the HPLC analyzer and

each fraction was determined in triplicate. Peaks in the

chromatograms were identified by comparing the retention

times of individual fractions A-2, B-2–3 with their

corresponding activities as revealed by DNA synthesis

assay (Fig. 3). The chromatographic peaks with same

retention time (RT) were considered common peaks in the

extracted fractions. Two distinct peaks detected at 431 nm

and 664 nm with close retention times were evident in the

HPLC chromatograms of each of the three analyzed

fractions (Table 1). The selected biologically active

fractions (A-2, B-2–3) shared common peaks at 431 nm

and 664 nm with a retention time of approximately 2 min,

thus suggesting that compounds with these peaks are

required for VA anticancer activities (DNA synthesis

inhibition). If this assertion is correct, the presence and

sizes of these peaks may be used for quality assurance

purposes: fingerprints for authentication and anti-cancer

activity of VA extracts. Based on this fingerprint analysis,

the qualitative results of the peak groups were very similar

in the three fractions. However, they differed markedly on

quantitative basis, with fractions A-2, B-2, and B-3 showing

mean peak heights of 2.35, 15.95, and 4.475 mAU,

respectively (Table 1). The concentrations of all the peak

fractions were highest in B-2, suggesting the presence of

highest active compounds in the fractions. Taken together,

the UV and HPLC data suggest that two peaks (431 and 664

nm) are required for VA anticancer activities. Therefore, we

Figure 3. Multiple-Solvent fractions of V. amygdalina extracts inhibited DNA synthesis. Cells at the logarithmic growth phase were treated with
either 100 or 1000 lg/ml for 18 h before the addition of 1 lCi/ml [3H]thymidine for 6 h. Each data point represents the mean of three independent
experiments done in duplicates (n¼6). Exposure of cells to multiple-solvent fractions (butanol, chloroform, ethyl acetate, hexane, and methanol)
of VA inhibited DNA synthesis in both concentration and solvent-dependent fashion. Hexane, chloroform and ethyl acetate extracted fractions
(A-1, A-2, and B-3) at 100 lg/ml inhibited DNA synthesis by approximately 30%. One thousand (1000) lg/ml of fractions of hexane, chloroform,
butanol and ethyl acetate (A-1–3, B-2, B-3, and B-4) inhibited DNA synthesis by 76%, 98%, 94%, 98%, 98%, and 96%, (P , 0.001),
respectively. [3H]thymidine uptake was determined as described under the Materials and Methods section.
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hypothesized that compound(s) contained in these two

fractions that correspond to these peaks (431 and 664 nm)

are required for the anti-cancer (DNA synthesis inhibition)

of VA extracts. To test this hypothesis, dried VA leaves

were obtained from a commercial source in Jackson, MS,

for activity comparison with our in-laboratory VA. Equal

amounts (1 gram) of each sample were extracted with

ethanol (85%) and processed as described under the

Materials and Methods section. Both extracts expressed

peaks at approximately 2.6 min, suggesting the presence of

similar chemical qualities (Fig. 6). However, they greatly

differed on quantitative basis, as represented by higher peak

area (145.248 mAU) in our in-laboratory VA, and lower

peak area (103.946 mAU) in the commercial VA (Fig. 6).

We therefore predicted that our in-laboratory VA would be

more active compared to the commercial VA. To test this

prediction, both VA samples were processed and activities

were determined as described under the Materials and

Methods section. These results show that in-laboratory VA

inhibited cell growth by 51% (P , 0.01) compared to 31%

(P , 0.05) by commercial VA at 0.1 mg/ml. This confirms

Figure 4. The UV spectra of multiple-solvent fractions of V.
amygdalina extracts. [A] Ultraviolet (UV) spectrum of fraction A-2 of
VA extracts, showing distinct peaks at 410, 431, 664, and 332 nm at
absorbencies of 0.8, 0.45, 0.25, and 0.65, respectively. The extracts
were UV detected from 250–730 nm on Varian UV-Visible
spectrophotometer (CARY 300 BIO). Reference solvent used was
acetone. [B] UV spectrum of fraction B-2 of VA extracts, showing
distinct peaks at 410, 431, and 664 nm at absorbencies of 2.25, 1.48,
and 0.75, respectively. The extracts were UV detected from 250–730
nm on Varian UV-Visible spectrophotometer (CARY 300 BIO).
Reference solvent used was ethyl acetate. [C] UV spectrum of
fraction B-3 of VA extract, showing distinct peaks at 664 nm, 410 nm,
and 431 nm at absorbencies of 2.25, 1.48, and 0.75, respectively.
The extracts were UV detected from 250–730 nm on Varian UV-
Visible spectrophotometer (CARY 300 BIO). Reference solvent used
was ethyl acetate.

Figure 5. HPLC chromatograms of VA fractions. Fractions (A-2, B-2,
and B-3) of VA extracts revealed retention times of 2.213, 2.187, and
2.151 min, respectively, at 664 nm; and 2.210, 2.185, and 2.150 min,
respectively, at 431 nm. Sample fractions were run at a flow rate of
0.6 ml/min with a solvent system of 90% water and 10% methanol for
40 min.
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the notion that positive relationships exist between the 410

and 431 nm peaks and anti-cancer activities of VA fractions.

Discussion

Conventional medicine (CM) is very popular in most

developed countries. It is equally important to note that

traditional medicine (TM) serves as a major source of

healthcare for billions of people in the developing countries.

Antagonistic relationships exist between CM and TM

practitioners. The contention is that conventional drugs are

standardized and chemically defined; the quantities and

structures of the active ingredients are known. Therefore,

therapeutic dosages may be determined. In contrast, tradi-

tional medicines are often native or non-purified botanical

extracts with limited knowledge of their chemical compo-

sitions. There is a strong, growing evidence to support the

medicinal benefits of plant products and extracts. This

evidence is predicated on, first, the observation and/or

reports that inverse relationships exist between consumption

of vegetables and risks of developing many types of cancer

(26–33), thus suggesting the presence of cancer-fighting

phytochemicals in plants. Secondly, many highly effective

anti-cancer drugs (Paclitaxel or Taxol, Vincrastine, Vin-

blastine, Camptothecin, Etoposides) representing four

classes of anti-cancer drugs (taxanes, camptothecins, vinca,

and epipodophyllotoxins) trace their origins directly or

indirectly to plants (34). Therefore, there is a consensus

amongst scientists that plant products/extracts do possess

active compounds of medicinal benefits.

Despite this general acceptance, an interphase to bring

AM and TM into harmony is needed. The following may

promote such harmony between TM by AM practitioners:

native extracts must be fractionated to identify the active

components, and elucidation of structures and mechanisms

of actions. However, in cases where fractionation com-

promises the activities or health benefits of the native

extracts, then the extracts should be standardized (active

components). Here, we have provided the initial steps

toward the formulation and standardization of a promising

medicinal botanical, VA extracts. The literature shows that

VA has been used to treat a myriad of biological disorders

and diseases including cancer (4–18). The present studies

corroborate the anti-cancer activities of VA. Aqueous and

organic extraction and chemical profiling of VA by UV and

HPLC spectroscopic techniques have effectively aided in

the separation, evaluation and provided insights on the

chemical compositions of VA. Selected biologically active

fractions (A-2, B-2–3) shared common peaks at 431 nm

and 664 nm with a retention time of approximately 2 min,

thus suggesting that the compound(s) present in these

fractions and represented in these peaks are required for

VA anti-cancer activities. Therefore, the presence and sizes

of these peaks may be used for quality assurance purposes.

We hypothesized that positive relationships exist between

heights of these peaks (vis-a-vis quantities of the

compounds contained) and DNA synthesis inhibitory

activities of the fractions. The hypothesis was validated

Figure 6. HPLC profiles of solutions of in-laboratory and commercial
VA extracts obtained by direct extraction with 85% ethanol. Hypersil
ODS C18 column (4.6 mm 3 250 mm, 5 lm, Hypersil) at room
temperature. Mobile phase: 10% methanol for 40 min in 90% water,
flow rate 0.6 ml/min. Detection was set at 431 nm and 664 nm.

Table 1. Retention Time (RT) and Heights of Two Characteristic Peaks in HPLC Fingerprints of Four Fraction
Extracts of a Batch of VAa

V. amygdalina
fraction no.

Peakb1 RT
(min)

Peakb2 RT
(min)

Mean RT
(min)

SD RT
(min)

Peak 1 height
(mAU)

Peak 2 height
(mAU)

Mean height
(mAU)

SD height
(mAU)

4 2.206 2.208 2.207 0.001 5.50 14.0 9.75 6.010
A-2 2.210 2.213 2.2115 0.002 1.2 3.5 2.35 1.626
B-2 2.185 2.187 2.186 0.001 6.9 25.0 15.95 12.799
B-3 2.150 2.152 2.151 0.001 2.25 6.7 4.475 3.147

a All fraction peaks expressed at a relatively similar retention time, while higher peak height was expressed in fractions 4 and B-3. Fingerprint
experiment was conducted in duplicates and mean and standard deviations for peak height and retention time computed.

CARCINOMA CELL KILLING MARKERS OF VA 415

 at SAGE Publications on November 3, 2014ebm.sagepub.comDownloaded from 

http://ebm.sagepub.com/


(Fig. 7). Taken together, these results show reliability in

the utilization of spectroscopic and chromatographic

techniques to monitor or predict the quality of medicinal

botanical products. Efforts to complete the isolation and

elucidation of the active compounds are under way in our

laboratories.
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Maryland School of Medicine, Baltimore, MD.) for his technical assistance.
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